
STM application to studies of 
diffusion and reactions of 

adsorbed species 



Diffusion of water molecules on a Palladium (111) surface 
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Hoping rate,          r  =   v·exp(-E/kT) 

Energy barrier,       E = 126 ± 7 meV 

                  (2.9 kcal/mol)  

Attempt frequency,  v = 1012.0 ± 0.6  s -1 

49 K 42 K 



Excitation of frustrated rotational modes in acetylene 
molecules on Pd(111) at T = 30 K 
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 Sub-surface impurities (O, C, …) 

Diffusion: 
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Interstitial sites in Pd 

Concentration of impurities =  1-2 % monolayer 



Molecular oxygen at 30K 
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A unique capability of STM: 
Single molecule vibration spectroscopy  



Spectroscopy on single atoms and molecules 

h 

eV 

d/dV 

(V) 

V 

/ ~ 0.01 - 0.1 

molecular spectroscopy 

dissociation 

rotation 

R 

E 

Manipulation of molecules 

IETS Vibrational spectra of C2H2 on 

Cu(100). From Wilson Ho 



Single molecule reactions 
initiated by tunneling 

electrons 
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Dissociation 
reactions 

Translations, rotations, 
… 

Nuclear separation 

Frank-Condon effect 

Unoccupied state 
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What is the nature of the elementary excitations that give 
rise to a chemical or physical modification?  
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h = 200 meV 

Coupling of scissor and frustrated translation vibration modes 

Tip-induced water hoping on Pd(111) 
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Energy transfer to water molecules: excitation of vibrations 
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•multi-level, single electron excitation

•single level, multi-electron excitation

N=2

N=1

hv > Edis

•single level, single electron excitation
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How many quanta need be excited for a chemical reaction ? 

•Diffusion of isolated monomer on Ru:   (N=1) hv = 450 meV 

•Diffusion of monomer bonded to C on Ru: (N=2)  hv = 450 meV 

•Diffusion of monomers on Pd(111)   (N= 1) hv = 200 meV 

•Diffusion of OH on Ru     hv < 250 meV 

•Dissociation of isolated OH, H2O on Ru  (N > 1)    hv = 450 meV 

•Dissociation of H2O in a cluster on Ru  (N = 1) hv = 450 meV 
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N = 2.2 ± 0.4N = 2.5 ± 0.1
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Attraction 
(pulling) 

Repulsion 
(pushing, 
ploughing) 

Vibrational 
excitation 

Electric field 

Transfer by 
voltage pulses 
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The STM as a 
tool for atomic 
scale 
manipulation 
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STM images courtesy of Don Eigler, IBM, San Jose 

Building of a quantum “corral” with 
Fe atoms on Cu 

Xenon atoms on nickel surface 

100,000 Gbit/sq.in 

Building structures atom-by-atom 


